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(57)Abstract: 

PURPOSE: To restrain partial faulty action in a picture element area in a 
simple matrix type liquid crystal display device. 
CONSTrrUTION: Plural scanning electrodes 2 which are arranged in 
parallel with each other along a specified direction are formed on the 
inside surface of one substrate 1. The other substrate 3 is arranged to 
be opposed to the substrate 1 through a specified gap. Plural signal 
electrodes 4 which are arranged in parallel with each other along the 
direction crossed with the scanning electrode 2 are formed on the inside 
surface of the substrate 3. A liquid crystal layer 5 including a liquid 
crystal molecule is interposed between the substrates 1 and 2. Oriented 
films 6 are provided along boundaries between the respective substrates 
1 and 3 and the liquid crystal layer 5. The oriented film 6 has a function 
for controlling to orient the liquid crystal molecule existing near the 
center of the thickness direction of the liquid crystal layer 5 almost 
along the direction of the scanning electrode 2. By such constitution, 
the electrooptical threshold voltage of the liquid crystal is made uniform 
all over the area of a picture element 9 and the faulty action is 
eliminated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate which is having steadily two or more scan electrodes which carried out parallel 
alignment along the predetermined direction. The substrate of another side which has two or more signal 
electrodes which carried out parallel alignment along the direction which coimters one [ said ] substrate, 
is arranged and crosses to said scan electrode, In the liquid crystal display which consists of orientation 
film prepared in accordance with the interface of the liquid crystal layer containing the liquid crystal 
molecule pinched among both substrates, and an each substrate and said liquid crystal layer Said 
orientation film is a liquid crystal display characterized by having the function which carries out 
orientation control of ttie liquid crystal molecule which exists near the thickness direction center of said 
liquid crystal layer along the direction of said scan electrode in general. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is. not responsible for any ^ 
damages caused by the use of this translation. 

prediefy translated by computer. So the translation may not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention! 
[0001] 

industrial Application] This invention relates to the orientation control technique of a liquid crystal 
[0002]" " ^ passive-matrix type liquid crystal display. 

^^?t??*°? of the Prior Art] The cellular structure of the conventional passive-matrix type liquid 
Ctystal display is shown in drawing 4 . Two or more scan electrodes 102 which carried out parallel 
alignment along the predetermined direction (it sets to drawing and is a direction peipendicular to space) 

Tothr^H " '"'f ^^'l ^"''^"'^ OPP°«^»« arrangement of L^substrate 1 03 of 

',fr^- '^T'' the predetennined gap. Two or more signal electrodes 104 which 
earned out parallel ahgnment along the direction (direction parallel to space by a diagram) which 
crosses to the scan electrode 102 are formed in the inside front face of the opposite sSstrate 103 

^ch?H ? r^'*"''"' "'^"^^ '^y^' containing a liquid crystal molecub is 

1 ?^?"^ntatlon fihn 106 is fonned in accordance with the interface of each 

substrate 101, 103 and the liquid crystal layer 105. ^cuic<«,n 
[Siinf^?"^'^^ multiplexer drive of the liquid ciystal display of the passive-matrix type which has 

^c^oSdr 'T''* °A ■ ''^^^ ^"P^^^^^ t° ^ ^'^-t^ode ^a signal 

Th^t^f tom&5 IS shown. A scan signal is supplied to the scan electrode 102 by Hne sequStial 
The scan signal 1 impressed to a certain scan electrode includes the pulse generated to predetermined 
nZt" the electocal-potential-difference value is aV. After 1 field period expires, L poSy 5a 
pulse IS reversed and mi alternating current drive is perfonned. The scan signal 2 is impressed to 
adjoming scarj electrode. The phase has shifted from the pulse by which the pulse included in t^eTcan 
signal 2 IS included m the scan signal 1. Thus, each scan electrode is scamied by line sequential On Ae 
other hand a ligh ing signal or a putting-out-lights signal is alternatively impressed to or more 

eS^!Tnf"^ '"'•7'^^'' ''''' P"^^ intersection of the scan^lectrode 102 iTa Signal 

electrode 104 is turned on or switched off alternatively. For example, driver voltage as shown in the ^ 
step of drawmaS IS impressed to a certain lighting pixel, and the 6th step of same driver voTSge fke a 
wave IS impressed to a putting-out-lights pixel. The driver voltage imprTssed to a pixel L^o^a liquid 
crystal molecule on actual-value level. In order to raise display contrast, it is necessary to enlarge the 
actual-value ratio of lighting pixel driver voltage and putting-out-lights pixel driverXg^ Acco Sing 
to the so-called rated bias method, the conditions of a which obtains the greatest actual-vflue ratio aJe 
a= square root of N). However, N is the number of scan electrodes. The voltage level o^ the pufS 
included in a scan signal under these optimum conditions is set to x(square root of N) V In order to 
dnve liquid crystal, it is necessary to set up the actual value of driver voltage beyond the threshold of 
iquid crystal For example, the actual value of lighting pixel driver voltage is usually set as 2V At this 
time, bias voltage V turns into about 1 .5 V. Since the number N of scan electrodes is 200 when l / 200 
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[0004] 

[Problem(s) to be Solved by the Invention] The electric-field distribution in a liquid crystal cell is shown 
in drawing 6 . This example is a super twist pneumatic mold, and the liquid crystal layer 105 has the 
thickness of 6 micrometers. Like, when [ which was stated in the conventional example ] it operates by 
1 / 200 duty drives, the scan signal pulse of 20V is impressed to the scan electrode 102. Since a pulse is 
not impressed to the scan electrode located in the both sides when a pulse is impressed to a central scan 
electrode, it is kept at OV. On the other hand, a lighting signal or a putting-out-lights signal is impressed 
to the signal electrode 103 which intersects the scan electrode 102, and the voltage level is +1.5V or - 
1.5 V. 

[0005] Electric field do not join the scan inter-electrode which spacing of the scan electrode which 
adjoins in the liquid crystal display which has the usual, comparatively big size is dozens of micrometers 
order, and adjoins since it is large enough compared with the thickness of a liquid crystal layer, and the 
problem of display degradation is not produced. However, the liquid crystal display for the object for 
viewfmders or projectors is 1 inch or less in small dimension, and array spacing of a scan electrode is 
made detailed to 2 micrometers, for example. In this fine structure, a horizontal component becomes 
large on the whole to a breadth vertical component also at the scan electrode side with which electric- 
field distribution adjoins. If its attention is paid to a central scan electrode, in the right end section and 
the left end section, the direction of a horizontal component is reverse. Therefore, the part which a 
difference arises in the electro-optics-threshold voltage Vth on the appearance of a liquid crystal 
molecule in a right end and left end side depending on the direction of orientation of a liquid crystal 
molecule, and does not operate in being the worst arises. Consequently, when its attention is paid to 
each pixel, the field which is not turned on partially is generated and there is a trouble of spoiling 
display grace. This inclination becomes more remarkable, as the number of scan electrodes is increased 
the more again, the more it makes a liquid crystal cell detailed. 
[0006] 

[Means for Solving the Problem] This invention aims at controlling generating of the malfunction field 
in a scan electrode edge, improving the substantial numerical aperture of a pixel, and raising display 
grace in view of the technical problem of a Prior art mentioned above. Especially this invention is 
suitable for the micro and detailed passive-matrix type liquid crystal display used for objects for 
viewfinders, such as a video camera, or the primary images of a projector. 

[0007] In order to solve the technical problem of a Prior art and to attain the purpose of this invention, it 
was made to carry out orientation control of the liquid crystal molecule which performs suitable 
orientation processing and exists near the thickness direction center of a liquid crystal layer along the 
direction of a scan electrode in general. 
[0008] 

[Function] The liquid crystal molecule near [ which touches the orientation film ] an interface does not 
answer the electric field which are restrained strongly and impressed. On the other hand, a degree of 
fi-eedom answers to electric field well [ it is high and ] comparatively, and the liquid crystal molecule 
which exists near the thickness direction center of a liquid crystal layer participates in liquid crystal cell 
actuation substantially. If orientation control of the Hquid crystal molecule of this part is carried out 
along the direction of a scan electrode, it is possible to remove the effect of the horizontal component of 
electric field substantially, it can cross to the whole surface including the edge of a scan electrode, and a 
uniform response characteristic can be acquired substantially. Therefore, unlike the former, the 
malfunction in a scan electrode edge can be controlled effectively. 
[0009] 

[Example] With reference to a drawing, the suitable example of this invention is explained to a detail 
below. Drawing 1 is the mimetic diagram showing one example which applied this invention in the 
hquid crystal display in super twist pneumatic mode. The right-hand side part of drawing 1 shows cross- 
section structure, and a left-hand side part shows a superficial configuration. Two or more scan 
electrodes 2 which carried out parallel alignment along the predetermined direction (superficially 
longitudinal direction) are formed in the inside fi-ont face of one substrate 1 so that it may illustrate. In 
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this example, the alignment pitch of the scan electrode 2 was set as 16 micrometers, and the contiguity 
scan electrode spacing is set as 2 micrometers. Opposite arrangement of the substrate 3 of another side is 
carried out through the predetermined gap to one substrate 1. Two or more signal electrodes 4 which 
carried out parallel alignment along the direction (superficially lengthwise direction) which crosses to 
the scan electrode 2 are formed in the inside fi-ont face. Among both substrates 1 and 3, the liquid crystal 
layer 5 containing a liquid crystal molecule is pinched. The liquid crystal layer 5 has the thickness of 6 
micrometers. 

[0010] The orientation film 6 is formed in accordance with the interface of each substrates 1 and 3 and 
the liquid crystal layer 5. This orientation film 6 is a thing for acting on the liquid crystal molecule 
which exists near the interface, and performing that orientation control. There are various classes of the 
orientation film 6. For example, poly membranes, such as polyimide, are applied to the inside fi-ont face 
of substrates 1 and 3, and rubbing is carried out in the predetermined direction and it can form in it. Or 
the method vacuum evaporationo of the mineral matter, such as silicon monoxide, of slanting may be 
carried out, and the orientation film may be formed. Or the monomolecular-layer orientation film may 
be formed using the single molecule accumulating method (LB law). In this example, twist orientation 
of the liquid crystal molecule is carried out with the orientation film 6 of a pair, and a twist angle is 240 
degrees. It is in so-called super twist pneumatic mode, and a steep threshold property can be acquired 
and high display contrast can be realized. Orientation immobilization of the liquid crystal molecule 
located near the interface of a top and the bottom is carried out in the predetermined direction with the 
predetermined pre tilt angle. Since the 240 degrees of the directions of orientation differ in the vertical 
interface, the direction of a major axis rotates spirally the liquid crystal molecule which exists in the 
interstitial segment of the liquid crystal layer 5. In this example, the director n of the liquid crystal 
molecule which exists near the thickness direction center of the liquid crystal layer 5 (since it is the 
vector quantity showing the direction of a liquid crystal molecule major axis, the bulk mark is given to n 
and the arrow head expresses in illustration.) is controlled in agreement in the direction of the scan 
electrode 2. As the dotted-line arrow head 7 of the left-hand side top view of drawing 1 shows, 
specifically, the direction of orientation of the orientation film 6 given to the inside fi-ont face of the 
bottom substrate 3 is set up. In addition, the head of an arrow head expresses the direction of a pre tilt. 
On the other hand, as the arrow head 8 of a continuous line shows, the direction of orientation of the 
orientation film 6 formed in the inside front face of the top substrate 1 is set up. 240 degrees of both are 
twisted and super twist pneumatic mode is obtained. Thus, if the direction of orientation is set up, the 
director of the liquid crystal molecule exactly located in the thickness direction central part of the liquid 
crystal layer 5 is in agreement in the direction of the scan electrode 2. 

[001 1] As shown in the right-hand side sectional view of drawing 1 , the electric field E (since this 
electric field are also vector quantity, the bulk mark is given to E and the arrow head expresses in 
illustration.) impressed to the liquid crystal layer 5 incline a little perpendicularly in the both-ends side 
of the scan electrode 2 in the opposite direction. However, the director n of a liquid crystal molecule and 
the angles with electric field E to make are few, and it is hardly influenced by the breadth of distribution 
of electric field E. Therefore, it goes across a liquid crystal molecule throughout each pixel 9, it has an 
equivalent response characteristic, and operates extensively according to a lighting signal. Consequently, 
a substantial electrode numerical aperture is improved and display grace can be raised. 
[0012] Drawing 2 is the mimetic diagram showing the example of a comparison for making an 
understanding of this invention easier. The reference number same about the same component as the 
example shown in drawing 1 is attached, and an understanding is made easy. Although it is in super 
twist pneumatic mode as well as the example of drawing 1 , as arrow heads 7 and 8 show, the directions 
of orientation of the orientation film differ. If the direction of orientation is set up like this example of a 
comparison, the director n of the liquid crystal molecule which exists near the thickness direction center 
of the liquid crystal layer 5 will be turned in the direction of the scan electrode 2, and the direction 
which carries out an abbreviation rectangular cross. A paraphrase controls a director along the direction 
of a signal electrode 4. In this case, the angle which the director n of the liquid crystal molecule located 
in the left end side of the scan electrode 2 and elecfaic field E make becomes comparatively large. On 
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the contrary, the angle which the director n of the liquid crystal molecule located in the right end section 
side of the scan electrode 2 and electric field E make becomes comparatively small. The difference is 
very remarkable compared with the example shown in drawing 1 , and a big difference produces it in 
Vth on the appearance of a liquid crystal molecule in a left end and right end side. Such big driver 
voltage is needed that the angle which Director n and electric field E make generally becomes large. 
Therefore, in being the worst, a malfunction arises in the left end side of the scan electrode 2. For 
example, if the lighting condition of a certain pixel 9 is seen, as hatching shows, it will operate in fact 
about 40% of all pixel fields. Therefore, a substantial electrode numerical aperture falls and display 
grace is spoiled. 

[0013] Next, the relation between Director n and electric field E is explained theoretically. The firee- 
energy consistency f of the dielectric interaction between electric field E and a liquid crystal molecule is 
expressed with -deltaepsilon(n-E) 2 / 2. A liquid crystal molecule exercises so that the sum of this fi-ee- 
energy consistency f and elastic free energy may serve as min. n-E expresses a vector product and 
deltaepsilon expresses the dielectric anisotropy of a liquid crystal molecule. When dielectric anisotropy 
deltaepsilon is forward, the director n of a liquid crystal molecule is suitable in the direction of electric 
field E. And it list-comes to be easy of a liquid crystal molecule in the direction of electric field E, so 
that the include angle of Director n and the direction of electric field E to make is small. Moreover, the 
liquid crystal molecule which exists near the interface with a substrate is usually strongly influenced of 
the restraining force of the orientation film, and hardly answers electric field. On the other hand, the 
liquid crystal molecule which exists in the central part of a liquid crystal layer answers comparatively 
freely. 

[0014] In the example of this invention shown in drawing 1 , it goes across the director n of the liquid 
crystal molecule which exists in the thickness direction central part of the liquid crystal layer 5, and the 
include angle with electric field E to make all over the scan electrode 2, and they answer to electric field 
E well [ it is practically equal and ]. On the other hand, the director n of the liquid crystal molecule 
located in the left end side of the scan electrode 2 in the example of a comparison shown in drawing 2 
and the include angle with electric field E to make have stopped being able to operate easily 
comparatively greatly. On the contrary, the director n of the liquid crystal molecule located in a right 
end side and the include angle with electric field E to make are comparatively small. For this reason, 
dispersion is in the response characteristic of a liquid crystal molecule over the whole pixel field, and it 
becomes the cause of a malfunction. 

[0015] Finally, other examples of this invention are explained with reference to drawin g 3 . The 
reference number same about the same component as the 1st example shown in dravsdng 1 is attached, 
and an understanding is made easy. However, unlike drawing 1 , the direction of a cross section is taken 
along with the scan electrode 2. This example is the so-called birefiingence effectiveness type of 
passive-matrix type liquid crystal display, and is called ECB mode. In this mode, homogeneous 
orientation of the liquid crystal molecule is carried out in first stage with the orientation film 6. The 
direction of orientation is in agreement in the direction of the scan electrode 2. Therefore, the director of 
the liquid crystal molecule which exists near the center of the liquid crystal layer 5 also meets in the 
direction of a scan electrode. If an electrical potential difference is impressed to this liquid crystal cell, 
liquid crystal molecular arrangement will change and, as a result, the rate of a birefringence in a eel will 
change with the dielectric anisotropics of a liquid crystal molecule. By using two polarizing plates 10 
and 1 1 , change of this rate of a birefringence appears as change of light transmittance. 
[001 6] This invention is not restricted to the liquid crystal display of a super twist pneumatic mold or the 
birefringence effectiveness mold, and can be applied also to the liquid crystal display in other various 
modes. For example, a twist angle can apply also to the usual twist pneumatic mold which is 90 degrees. 

[0017] 

[Effect of the Invention] It is effective in the ability to improve display grace by controlling the 
malfunction which could acquire the uniform response characteristic over the whole pixel, and had been 
conventionally generated by carrying out orientation control of the liquid crystal molecule which was 
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explained above, and which exists near the thickness direction center of a hquid crystal layer in a 
passive-matrix type liquid crystal display like according to this invention along the direction of a scan 
electrode, and improving a substantial nimierical aperture. Especially this effectiveness is notably 
accepted in the small Uquid crystal display which has detailed electrode structure. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused hy the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 4] 
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[Drawing 5] 
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[Translation done.] 
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